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ABSTRACT 

Tests were performed on three elastomer seal designs commonly used 
for nuclear plant containment mechanical penetrations. The 
objective of this research project is to obtain an understanding of 
the integrity and leakage behavior of these seal designs under 
severe accident temperature and pressure conditions. The three 
designs tested and the seal materials used in the tests were: 
(a) double tongue-and-groove design with silicone rubber seals, 
(b) double-O-ring design with neoprene and ethylene-propylene (EPDM) 
seals, and (c) double gumdrop design with neoprene and EPDM seals. 
The effects of thermal aging and angular rotations of flange mating 
surfaces were determined. The test results provide information 
required to characterize the leakage behavior of penetrations under 
severe accident conditions. 
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EXECUTIVE SUMMARY 

The Engineer ing Analys is  and P r o j e c t  and Engineer ing Support 
Div is ions  of  EG6G Idaho,  Inc. (EG6G Idaho) ,  under c o n t r a c t  t o  Sandia 
Nat iona l  Labora to r i e s  (SNL), have performed e las tomer  s e a l  l eak  ra te  
tests a t  the  Idaho Na t iona l  Engineer ing Laboratory (INEL). These 
tes ts  are  p a r t  o f  t h e  I n t e g r i t y  o f  Containment P e n e t r a t i o n s  Under 
Severe Accident Loads Program, which i s  being sponsored by the  U.S. 
Nuclear Regulatory Commission (NRC) and managed by SNL. The 
o b j e c t i v e  o f  t h i s  program i s  t o  o b t a i n  knowledge o f  the  i n t e g r i t y  
and leakage behavior  of  containment p e n e t r a t i o n s  dur ing  seve re  
acc iden t s .  

Three s e a l  des igns  commonly used f o r  nuc lea r  power p l a n t  containment 
mechanical p e n e t r a t i o n s  were t e s t e d  a t  INEL. These s e a l  des igns  
were: ( a )  a double tongue-and-groove des ign  with s i l i c o n e  rubber  
seals;  ( b )  a double O-ring des ign  with neoprene and EPDM seals; and 
( c )  a double gumdrop des ign  with neoprene and EPDM s e a l s .  The s e a l  
des igns  were t e s t e d  a t  160 ps ig  pressure  and a t  temperatures  up t o  
700°F o r  seal f a i l u r e ,  whichever came f i r s t .  The seals were e i t h e r  
thermal ly  aged o r  unaged and were placed i n  tes t  f langes  with the  
s e a t i n g  s u r f a c e  o f  one o f  t h e  f l anges  machined a t  an  angle  o f  0" t o  
12" r e l a t i v e  t o  t h e  mating f l ange  su r face  to  s imula t e  r e l a t i v e  
f l ange  r o t a t i o n  due t o  seve re  acc iden t  p re s su re  loading.  The t e s t  
f i x t u r e s  w e r e  hea ted  by r e s i s t a n c e  h e a t e r s  and p res su r i zed  with dry 
n i t rogen .  The l eak  rate o f  t h e  seals being t e s t e d  was determined by 
flow t u r b i n e  meters i n  t h e  n i t rogen  supply l i n e  o r  by i s o l a t i n g  t h e  
tes t  f i x t u r e  w i t h  a block va lve  and measuring t h e  p re s su re  decay. 
The e f f e c t s  o f  a steam environment and i r r a d i a t i o n  ag ing  were no t  
inc luded  i n  t h e s e  tes ts ,  s i n c e  eva lua t ions  o f  those  e f f e c t s  are 
included i n  o t h e r  po r t ions  of  t h i s  program c u r r e n t l y  being performed 
a t  SNL. 

The e f f e c t s  o f  f l ange  r o t a t i o n  and thermal ag ing  on t h e  elastomer 
seal  f a i l u r e  temperature  were i n s i g n i f i c a n t .  The f a i l u r e  tempera- 
t u r e s  f o r  s i l i c o n e  rubber s e a l s  i n  a n i t rogen  atmosphere were 
determined to  be i n  excess  o f  700°F. The range of  f a i l u r e  tempera- 
t u r e s  w a s  570" t o  670°F f o r  EPDM s e a l s  and 460" t o  500°F f o r  
neoprene seals. 

The e f f e c t  o f  thermal aging on the  seepage l eak  r a t e  o f  t he  s e a l s  
p r i o r  t o  f a i l u r e  was determined t o  be i n s i g n i f i c a n t ;  however, the  
seepage l eak  ra te  p r i o r  t o  f a i l u r e  o f  t h e  s e a l s  d i d  inc rease  w i t h  
increased  r e l a t i v e  f l ange  r o t a t i o n s .  The l eak  r a t e s  a f t e r  f a i l u r e  
o f  t h e  s e a l s  were determined t o  be c o n t r o l l e d  p r imar i ly  by the  
amount of  f l ange  sepa ra t ion .  

The l eak  rates determined i n  these  t e s t s  should be used w i t h  t he  
unders tanding  t h a t  t he  e f f e c t s  o f  a steam environment and i r radia-  
t i o n  ag ing  were not  considered.  



1.0 INTRODUCTION 

Since t h e  a c c i d e n t  a t  Three Mile I s l a n d ,  a major e f f o r t  i n  s a f e t y  
s t u d i e s  has  been d i r e c t e d  toward the  r i s k s  and consequences o f  
severe acc idents .  A s  a p a r t  o f  t h i s  e f f o r t ,  s e v e r a l  s t u d i e s  a r e  
c u r r e n t l y  underway to  determine t h e  behavior o f  containments under 
s e v e r e  a c c i d e n t  condi t ions .  Knowledge o f  t h e  i n t e g r i t y  and leakage 
behavior  o f  containment beyond design c o n d i t i o n s  i s  requi red  f o r  t h e  
e v a l u a t i o n  of severe  a c c i d e n t  m i t i g a t i o n  s t r a t e g i e s ,  r i s k  s t u d i e s ,  
emergency preparedness  planning. 

T y p i c a l l y ,  each containment h a s  100 t o  300 mechanical p e n e t r a t i o n s ,  
providing a l a r g e  number o f  p o t e n t i a l  containment leakage paths .  
Leakage behavior  o f  those containment p e n e t r a t i o n s  with elastomer 
s e a l s  is g r e a t l y  inf luenced  by t h e  behavior o f  t h e  e las tomer s e a l s .  
The o b j e c t i v e  o f  t h i s  s tudy  i s  t o  determine t h e  leakage behavior  
dur ing  severe  a c c i d e n t  condi t ions  o f  some elastomer s e a l s  commonly 
used f o r  containment mechanical p e n e t r a t i o n s .  This  s tudy  i s  a 
p o r t i o n  o f  t he  I n t e g r i t y  o f  Containment P e n e t r a t i o n s  Under Severe 
Accident Loads Program c u r r e n t l y  be ing  funded by t h e  Off ice  o f  
Nuclear Regulatory Research o f  t h e  NRC and managed by Sandia 
Nat iona l  Labora tor ies .  

2.0 BACKGROUND 

P r i o r  t o  t h i s  s t u d y ,  EGGG Idaho performed a ser ies  o f  e las tomer s e a l  
l e a k  r a t e  t es t s  under c o n t r a c t  with the  Off ice  o f  Nuclear Regulatory 
Research o f  t h e  NRC (Reference 1). Those t es t s  were l i m i t e d  to  
t e s t i n g  unaged r e c t a n g u l a r  s i l i c o n e  rubber  s e a l s  and 112-in. 
diameter  neoprene O-ring s e a l s .  Leak ra tes  were determined a s  a 
f u n c t i o n  of  f lange  s e p a r a t i o n  f o r  severe  a c c i d e n t  temperature  and 
p r e s s u r e  condi t ions .  E l e c t r i c  r e s i s t a n c e  h e a t e r s  provided t h e  h e a t  
source ,  and n i t rogen  gas  provided t h e  pressure  source.  The s i l i c o n e  
rubber s e a l s  were t e s t e d  u s i n g  a double tongue-and-groove des ign ,  
and the  O-rings were t e s t e d  i n  a double O-ring design. 

3.0 CURRENT PROGRAM 

One p o r t i o n  o f  t h i s  program was t o  t e s t  thermally aged s e a l s  o f  t h e  
des igns  prev ious ly  t e s t e d  us ing  t h e  s e a l  tes t  appara tus  from t h e  
previous s tudy  ( s e e  "Description o f  Test  Apparatus"). I n  a d d i t i o n ,  
double gumdrop Type W neoprene s e a l s  were s e l e c t e d  f o r  t e s t i n g  i n  
both a thermally aged and unaged condi t ion .  These tes ts  with f l a n g e  
s e p a r a t i o n  s imulated pressure  unsea t ing  p e n e t r a t i o n  c l o s u r e s .  

T e s t i n g  s e a l s  f o r  p r e s s u r e  s e a t i n g  p e n e t r a t i o n  c l o s u r e s ,  c l o s u r e s  on 
t h e  i n s i d e  of  containment,  w a s  t h e  second p o r t i o n  o f  t h i s  program. 
A s tudy  performed by Argonne Nat ional  Laboratory (Reference 2 )  
determined t h a t  s e a l i n g  s u r f a c e  r o t a t i o n s  may occur  f o r  l a r g e  
pressure  s e a t i n g  p e n e t r a t i o n  c l o s u r e s  depending on t h e  p e n e t r a t i o n  
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s l e e v e  design.  T h i s  r o t a t i o n  w a s  es t imated  t o  be on the  o rde r  o f  
seven degrees  a t  t h e  containment b u r s t  p ressure .  The main o b j e c t i v e  
of the  second por t ion  o f  t h i s  program was t o  determine what e f f e c t  
s e a l i n g  s u r f a c e  r o t a t i o n  has  on s e a l  leakage under seve re  acc iden t  
condi t ions .  

4.0 DESCRIPTION OF TESTS 

Sea l  l eak  r a t e  t e s t s  were performed on t h r e e  seal  des igns  commonly 
used f o r  containment mechanical pene t r a t ions .  These seal  des igns  
a r e :  (1) double tongue-and-groove (DTG); ( 2 )  double O-ring (DOR); 
and ( 3 )  double gumdrop (DGD). A s tudy  performed by Argonne Nat iona l  
Laboratory (Reference 3 )  determined t h a t  t hese  s e a l  des igns  a r e  
among the  most common used f o r  l a r g e  mechanical pene t r a t ions .  

The double tongue-and-groove des ign  shown i n  Figure 1 was t e s t e d  
with s i l i c o n e  rubber  s e a l s  f o r  both the  p r e s s u r e  s e a t i n g  and 
unsea t ing  tests.  The s i l i c o n e  rubber  s e a l s  were Garlock Compound 
8364 w i t h  a s p e c i f i e d  hardness  o f  40 durometer. This s e a l  des ign  is  
t y p i c a l  o f  most double tongue-and-groove des igns .  T h e  width of t h e  
f l ange  and spac ing  between the  tongues v a r i e s  somewhat from des ign  
t o  design.  

Both "pressure sea t ing"  and "pressure unsea t ing"  des igns  were 
considered f o r  the  s e a l s .  "Pressure sea t ing"  r e f e r s  t o  a pene- 
t r a t i o n  f o r  which inc reased  i n t e r n a l  containment p re s su re  w i l l  cause 
an inc rease  i n  p re s su re  between t h e  mating s u r f a c e s  of  t he  contain-  
ment and the  p e n e t r a t i o n  s e a l i n g  su r face .  This would be t y p i f i e d  by 
a hatch which opens inward t o  the  containment so t h a t ,  when c l o s e d ,  
containment p re s su re  pushes the  hatch toward the  containment w a l l .  
P re s su re  unsea t ing"  r e f e r s  t o  a pene t r a t ion  f o r  which increased  

i n t e r n a l  containment p re s su re  w i l l  reduce p res su re  between t h e  
mating su r faces .  T h i s  is  t y p i f i e d  by an e x t e r n a l  hatch which opens 
outward; containment p re s su re  thus pushes  t he  hatch away from the  
containment . 

11 

The t e s t  des ign  w a s  e f f e c t i v e l y  a p re s su re  unsea t ing  arrangement 
( s e e  "Descr ipt ion o f  Tes t  Apparatus").  However, because o f  the  
f l ange  c l o s u r e  arrangement o f  b o l t s ,  s e a t i n g  was t i g h t l y  c o n t r o l l e d ;  
and no n a t u r a l  s e p a r a t i o n ,  o r  unsea t ing ,  occurred.  P res su re  
unsea t ing  w a s  s imulated -by shimming between f l anges  and thus  fo rc ing  
a s p e c i f i e d  metal-to-metal s epa ra t ion  f o r  s p e c i f i c  t e s t s .  

The double O-ring design t e s t e d  is  a s  shown i n  Figure 2 .  Mate r i a l  
r e f e r e n c e s  a r e  commercial des igna t ions  f o r  s p e c i f i c  s e a l  ma te r i a l s .  
Sea l s  made o f  Type W neoprene w i t h  a s p e c i f i e d  hardness  of  40 duro- 
meter were t e s t e d  f o r  t he  p re s su re  unsea t ing  t e s t .  Sea ls  made of  
EPDM compound Number E603 w i t h  a s p e c i f i e d  hardness  o f  60 durometer 
were t e s t e d  f o r  t he  p re s su re  s e a t i n g  t e s t s .  Double O-ring des igns  
vary cons iderably  i n  indus t ry .  O-rings w i t h  1/8- to  3/4-in. 
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Figure 1.  Double Tongue-and-Groove Seal Design 
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c r o s s - s e c t i o n a l  diameter a r e  used w i t h  t h i s  type o f  design. 
Dovetai l  grooves are  commonly used; however, s t a n d a r d  O-ring f a c e  
grooves f o r  112411. diameter  O-rings were t e s t e d .  This s e a l  des ign  
provides  a seal  compression c o n s i s t e n t  w i t h  t h e  t e s t i n g  Sandia is 
c u r r e n t l y  performing with 114-in. diameter O-rings. It  i s  important 
t o  be a b l e  t o  c o r r e l a t e  t h e  two sets o f  t e s t  r e s u l t s ,  s i n c e  Sandia 
t e s t i n g  inc ludes  i r r a d i a t i o n  aging and t e s t i n g  w i t h  both steam and 
dry  a i r .  

The double gumdrop des ign  t e s t e d  i s  as shown i n  Figure 3 .  The seals 
f o r  t h e  p ressure  unsea t ing  tes t s  were made o f  Type W neoprene with a 
s p e c i f i e d  hardness  o f  60 durometer. The seals €or  t h e  p r e s s u r e  
s e a t i n g  tes t s  were made o f  EPDM compound E603 w i t h  a s p e c i f i e d  
hardness  o f  60 durometer. The double gumdrop des ign  i s  similar t o  
t h e  double tongue-and-groove des ign  i n  t h a t  i t  i s  a f a i r l y  t y p i c a l  
des ign  with only  s l i g h t  v a r i a t i o n s .  

The t e s t  mat r ix  ( see  Table 1 )  shows a l l  t h e  s e a l  parameters t e s t e d  
f o r  both c losures .  

Since pressure  on a p e n e t r a t i o n  c l o s u r e  may cause f lange  r o t a t i o n  
t h i s  was a c o n s i d e r a t i o n  i n  t e s t i n g .  Rota t ion  w a s  s imulated by 
machining one o f  t h e  t e s t  f lange  f aces  t o  e f f e c t  a n  angle  between 
t h e  two mating s u r f a c e s .  This  w i l l  be r e f e r r e d  t o  a s  f lange  
r o t a t i o n  i n  subsequent d i scuss ions .  Bol t  p re loads  were always 
g r e a t e r  than pressure  l o a d i n g ,  so metal-to-metal c o n t a c t  w a s  always 
preserved whether f lange  t o  shim t o  f lange  o r  f lange  t o  f lange.  
Flange b o l t i n g  c o n s i s t e d  o f  s i x  b o l t s  torqued t o  300 f t - l b  each. 
When f lange  spacing was used,  t h r e e  e q u a l l y  spaced shims were used. 

The i n t e n t  a t  t h e  beginning o f  t h e  p r o j e c t  was t o  perform t h e  t e s t s  
with f lange  r o t a t i o n  without  f lange  s e p a r a t i o n .  A f t e r  completing 
Tests  5 and 6 and 9 through 1 2 ,  i t  was apparent  t h a t  t h e  t iming of  
t h e  s e a l  f a i l u r e s  and l e a k  r a t e s  were being c o n t r o l l e d  p r i m a r i l y  by 
the  metal-to-metal l i n e  contac t .  A s  can be seen  i n  Figure 4 ,  a 
f lange  r o t a t i o n  without  any f l a n g e  s e p a r a t i o n  r e s u l t s  i n  a metal- 
to-metal l i n e  c o n t a c t  depending on t h e  f l a t n e s s  of  t h e  f lange.  
Tests were performed with t h e  t e s t  f langes  without  any s e a l s ,  and 
the  l e a k  ra te  was n o t  apprec iab ly  a f f e c t e d .  I t  was then decided 
t h a t  t h e  remainder o f  t h e  tes ts  with f lange  r o t a t i o n  should be 
conducted with a f lange  s e p a r a t i o n  so t h e  e f f e c t s  o f  temperature and 
p r e s s u r e  on t h e  elastomer s e a l s  could be b e t t e r  determined. The 
s e a l s  were t e s t e d  f o r  severe  acc ident  c o n d i t i o n s ,  a t  160 p s i g  
p r e s s u r e  and temperatures  t o  700'F o r  u n t i l  s e a l  f a i l u r e ,  whichever 
occurred  f i r s t .  The seals  w e r e  thermally aged by hold ing  them i n  
t h e  t e s t  c o n f i g u r a t i o n  a t  300'F f o r  168 h .  

Before t e s t i n g  began t h e  a c t u a l  s e a l  hardness  w a s  determined upon 
r e c e i p t  f o r  each type of  s e a l .  The hardness  t e s t  w a s  performed a t  
t h r e e  l o c a t i o n s  f o r  each s e a l  type. The hardness  va lues  obta ined  
a r e  l i s t e d  i n  Table 2 ,  a long  with t h e  mean va lue .  
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Tabie 1 

Seal  Test  Matrix 

Seal  Tests  Without Flange Rota t ion  

Tes ta  
Number  

1 (1) 

2 ( 7 )  

3 ( 6 )  

4 ( 3 )  

Sealb 
Design 

DTG 

DGD 

DG D 

DOR 

Flange F 1 ange 

Materia 1 Aged ( " >  ( i n . )  

S i l i c o n e  rubber  Yes 0 0.060 
40 durometer 

Neoprene Type W No 0 0.094 
60 durometer 

Neoprene Type W Yes 0 0.094 
60 durometer 

Neoprene Type W Yes 0 0.063 
40 durometer 

Seal  Thermally Rota t ion  Separa t ion  
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Table 1 ( c o n t i n u e d )  

Seal T e s t s  w i t h  Flange R o t a t i o n  

T e s t a  
N u m b e r  

5 ( 2 )  

6 (4) 

7 ( 1 2 )  

8 ( 1 1 )  

9 ( 1 0 )  

1 0  ( 9 )  

11 (5) 

12  ( 8 )  

13 ( 2 2 )  

14 ( 2 1 )  

15 ( 1 5 )  

16 ( 1 8 )  

1 7  ( 1 4 )  

18 ( 1 3 )  

19 ( 1 7 )  

20 ( 1 6 )  

2 1  ( 1 9 )  

22 ( 2 0 )  

Sealb 
D e s i g n  

DTG 

DTG 

DGD 

DGD 

DOR 

DOR 

DTG 

DTG 

DGD 

DGD 

DOR 

DOR 

DTG 

DTG 

DGD 

DGD 

DOR 

DOR 

Seal 
Material 

S . R .  

S .R. 

EPDM 

EPDM 

EPDM 

EPDM 

S . R .  

S .R. 

EPDM 

EPDM 

EPDM 

EPDM 

S.R.  

S.R. 

EPDM 

EPDM 

EPDM 

EPDM 

Flange Flange 
T h e r m a l l y  R o t a t i o n  Separation 

A g e d  ( " 1  ( i n . )  

NO 3 N o n e  

yes 3 N o n e  

NO 3 0.010 

Y e s  3 0 .010  

NO 3 N o n e  

Y e s  3 N o n e  

NO 6 N o n e  

Y e s  6 N o n e  

N o  6 0.010 

Y e s  6 0.010 

NO 6 0 .010  

Y e s  6 0 .010  

NO 12  0 .010  

Y e s  1 2  0.010 

N o  1 2  0 .003  

Y e s  1 2  0.010 

NO 1 2  0 .003  

Y e s  1 2  0 -003 

a N w n b e r  i n  parentheses ind ica t e s  chronological order of t h a t  t e s t .  
bDTG--DoUble tongue-and-groove design;  DGD--Doub le  g u m d r o p  design; 

DOR--Doub le  O - r i n g  design; S . R . - - S i l i c o n e  rubber 40 durometer; 
EPDM--E603 60 d u r o m e t e r .  
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Figure  4 .  Flange Separat ion and Rotat ion 
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Table 2 

Seal  Hardness Values 

Seal  Type 

S i l i c o n e  rubber  
Neoprene O-ring 
EPDM O-ring 
EPDM gumdropa 

Neoprene gumdropa 

F i r s t  Second Third Mean 
Value Value Value Value 

37 38 34 36.3 
37 39 37 37.7 
59 55 55 56.3 
58 
55 

50 
51 

aTwo gumdrop seals were t e s t e d .  

5 9  
53 

54 
53  

59 
54 

51 
53 

56.3 

52.0 

5.0 DESCRIPTION OF TEST APPARATUS 

The t e s t  appara tus  i s  as shown schemat ica l ly  i n  F igure  5. With t h e  
except ion  of the  n i t rogen  supply ,  the  t e s t  appara tus  was loca ted  i n  
t h e  high-bay b u i l d i n g  o f  ARA 111 a t  the  INEL. The n i t r o g e n  supply 
t r a i l e r  was loca ted  j u s t  o u t s i d e  the bui ld ing .  Two t u r b i n e  flow 
meters (1/2 and 1-in.  s i z e )  mounted i n  p a r a l l e l  w i t h  manual va lves  
allowed f o r  measurement o f  flow u p  t o  10 cfm ( a c t u a l )  f o r  s teady-  
s t a t e  condi t ions .  Temperature and p res su re  senso r s  upstream from 
the  t u r b i n e  meters provided the  necessary d a t a  t o  conver t  the  flow 
r a t e s  t o  s tandard  cond i t ions .  A pneumatic-actuated p res su re  c o n t r o l  
va lve  downstream from t h e  t u r b i n e  meters maintained the  s e a l  t es t  
p re s su re  a t  160 ps ig .  A s a f e t y  p re s su re  re l ie f  va lve  with a 
p res su re  r e l i e f  s e t t i n g  o f  200 ps ig  w a s  l oca t ed  downstream of  the  
p re s su re  c o n t r o l  va lve .  A manual block va lve  downstream from t h e  
p re s su re  r e l i e f  va lve  provided a means of  i s o l a t i n g  t h e  t e s t  f i x t u r e  
f o r  determining s e a l  leak  r a t e s  t h a t  were too low t o  be measured by 
the  t u r b i n e  meters.  Using the gas t e s t  volume and changes i n  the  
gas temperature  and p r e s s u r e ,  t he  s e a l  l eak  r a t e  w a s  c a l c u l a t e d  
us ing  gas law r e l a t i o n s h i p s .  Temperature and pressure-monitoring 
ins t rumenta t ion  provided the  necessary gas t e s t  temperature  and 
p res su re  da t a .  

T h e  t e s t  f i x t u r e  f o r  each s e a l  des ign  t e s t e d  c o n s i s t e d  o f  an upper 
and a lower f l ange  w i t h  the  t e s t  s e a l s  placed between t h e  two 
f langes .  The f l anges  f o r  t he  DTG tes ts  were machined from 18-in. ,  
900-lb r a t e d  reducing f langes .  The DOR and DGD t e s t  f l anges  were 
machined from 14-in. ,  1500-lb r a t e d  reducing f l anges .  A f l ange  
mating s u r f a c e  s p e c i f i c a t i o n  o f  125 f i n i s h  w a s  used. The f lange  
m a t e r i a l  w a s  Type 304 s t a i n l e s s  s teel .  (De ta i l ed  drawings of t h e  
t e s t  f l anges  are conta ined  i n  Appendix A . )  E l e c t r i c  r e s i s t a n c e  
h e a t e r s  placed a t  t h e  o u t e r  diameter  of  the  t e s t  f l anges  provided 
the  h e a t  source f o r  t h e  t e s t s .  

-1 1- 
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Figure 6 is a photo of the DTG test firmre assembled and 
instrumented. Insulation blankets were placed over the test 
fixtures, as shown in Figure 7, to provide test temperature 
conditions as uniform as possible. The test flanges were 
instrumented with Type K (chromel-alumel) thermocouples to provide 
detailed temperature data, especially for the region near the 
seals. Figure 8 shows the thermocouple locations for the DTG 
flanges, and Figure 9 shows the thermocouple locations for the DOR 
and DGD test flanges. Flange temperatures were assumed to be 
axisymmetric. A thermocouple was also located in the void between 
the flanges to provide temperature data for the nitrogen gas. A 
pressure transducer was located between the seals to determine when 
the first seal failed. 

Both strip chart recorders and computer data acquisition program 
(SCANN) recorded the test data. Test and annulus pressure and the 
lower flange temperature between the seals (thermocouple location 
B3) were recorded on strip charts; the computer program recorded all 
the temperature, pressure, and flow data channels. The scan 
interval was varied from 30 min to 30 s, depending upon the 
particular test activity. SCANN contains up to six polynomial 
coefficients for each data channel to convert the data channel 
reading in millivolts to engineering units, recording and storing 
both values according to the user’s request. For these tests, the 
data were stored both on computer file and hard copy. 

In addition to the data recording devices, visual instrumentation 
indicators were present for temperature, pressure, and flow. Each 
of the three pressure-sensing locations had a pressure gauge for 
visual observation. A digital frequency counter provided visual 
indication of flow. A digital thermometer for the lower flange seal 
temperature (thermocouple location B3) provided a visual indication 
of the seal test temperature. The controllers for the resistance 
heaters contained a visual indicator of the heater temperature. The 
computer CRT and printer were located adjacent to the test apparatus 
to allow visual observation of all the data. 

6.0 DESCRIPTION OF TESTING PROCEDURES 

The objective of this project was to test containment penetration 
seals under severe accident temperature and pressure conditions. As 
stated previously, the test pressure was 160 psig and the maximum 
test temperature of interest was 700°F. Before pressure testing 
began thermal aging of the seals consisted of heating the seals in 
the test flanges to 300°F and holding them at that temperature for 7 
days (168 h). Detailed test procedures are found in Appendix B. 

The testing procedure changed somewhat as the project proceeded. 
The original intent for the pressure-unseating tests (Tests 1 
through 4 )  was to determine leak rates as a function of flange 
separation. However, during the first test, a considerable amount 
of seal degradation was observed to be occurring as a result of 
separating the test flanges and changing the flange separation. As 
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Figure 6. Uninsulated DTG Test Fixture 
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Figure  7. Insulated Test Fixture 
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Figure  8. Thermocouple Loca t ions  for DTG Tes ts  
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a r e s u l t  o f  t h i s  obse rva t ion ,  i t  was decided t h a t  the remaining 
t h r e e  pressure-unseat ing t e s t s  (Tes ts  2 through 4 )  would be 
performed w i t h  a s i n g l e  f l ange  sepa ra t ion  equal  to one h a l f  of  the  
f u l l  s e a l  compression without  any sepa ra t ion .  

The second s i g n i f i c a n t  change i n  the  t e s t i n g  procedure occurred  
a f t e r  t he  completion of Tes ts  1 and 5. ( I t  should be noted h e r e  
t h a t  t e s t s  were not  conducted i n  numerical o rde r .  Tests 1 and 5 
were the  f i r s t  two t e s t s  conducted. T h i s  was done to  maximize 
e f f i c i e n c y  i n  terms of  t e s t  s e t u p ,  ag ing ,  and f lange  machining.) 
The o r i g i n a l  t e s t  requirements  s p e c i f i e d  r a i s i n g  the  s e a l  t o  360°F 
and hold ing  t h i s  t e s t  temperature f o r  8 t o  16 h then inc reas ing  the  
s e a l  temperature  t o  700°F o r  u n t i l  t he  s e a l  f a i l e d ,  whichever 
occurred  f i r s t .  Using t h i s  procedure,  the  t e s t  d a t a  ind ica t ed  
s i g n i f i c a n t  temperature  g r a d i e n t s  between the  two s e a l s .  Since the  
r e s i s t a n c e  h e a t e r s  were loca ted  on the t e s t  f lange  o u t e r  d iameters ,  
a thermal g rad ien t  between the  inner  and o u t e r  s e a l s  must e x i s t  a s  
the s e a l  t e s t  temperature was increased.  To reduce the  temperature 
d i f f e r e n c e s  between t h e  s e a l s ,  t h e  fol lowing changes i n  procedure 
were incorpora ted :  

1. When the  s e a l  temperatures  reached 500"F, 600°F, and 700°F, t h e  
t e s t  temperature of the  s e a l s  w a s  he ld  cons t an t  f o r  2 h .  

2 .  The hea tup  r a t e  between these  t e s t  temperatures  was l imi t ed  to  
50°F/h. 

3. The i n s u l a t i o n  below t h e  lower t e s t  f l ange  was improved. 

4 .  S t a i n l e s s  s t e e l  wool was placed i n  the  t e s t  f lange  inne r  c a v i t y  
t o  reduce n a t u r a l  convect ion c u r r e n t s .  

A f t e r  the above changes were made, the temperature  d i f f e r e n c e  
between thermocouples a t  B6 and B7 ( see  Figure 8 )  ranged from about 
10 t o  15 degrees .  

The t h i r d  procedural  change occurred a f t e r  t he  completion o f  f lange  
pressure-sea t ing  Tes ts  5 and 6 and 9 through 12 with no f lange  
sepa ra t ion .  T h i s  ze ro  sepa ra t ion  cond i t ion  would normally occur  f o r  
the pressure-sea t ing  c a s e ,  assuming p e r f e c t l y  f l a t  machined f lange  
f aces  and no out-of-plane d i s t o r t i o n s  of  e i t h e r  f l ange  from the  
p re s su re  loading.  From the  r e s u l t s  of  the t e s t s  performed w i t h  no 
f lange  s e p a r a t i o n ,  i t  was apparent  t h a t  l eak  r a t e s  and f a i l u r e  
temperatures  of  the s e a l s  were being c o n t r o l l e d  p r imar i ly  by the  
l i n e  metal-to-metal con tac t  between the  upper and lower f langes .  
This was v e r i f i e d  by t e s t i n g  the f langes  without  any s e a l s ;  t he  l eak  
r a t e  was determined t o  be of  t h e  same o rde r  of  magnitude. It  was 
t h e r e f o r e  decided t h a t  the  remainder of  the pressure-sea t ing  t e s t s  
would be performed w i t h  a small  f lange  s e p a r a t i o n ,  so more meaning- 
f u l  information could be obta ined  w i t h  regard  t o  t h e  time and 
temperature  o f  f a i l u r e  of  t he  s e a l  m a t e r i a l s .  
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The procedure f o r  thermal ag ing  the  seals was t o  age the  seals  i n  
t h e  t es t  f l ange  w i t h  t h e  f l ange  s e p a r a t i o n  and r o t a t i o n  the  same as 
f o r  t he  t es t .  An except ion  t o  t h i s  w a s  f o r  T e s t  1 0 ,  w h e r e  t h e  s e a l s  
were aged with a f l a t  ( ze ro  r o t a t i o n )  t o p  f l ange  and no f l ange  
sepa ra t ion .  A s  a r e s u l t  o f  t h i s  ag ing  procedure,  the  seal  compres- 
s i o n  s e t  from aging  w a s  s u f f i c i e n t  t h a t  t h e r e  w a s  no sea l  compression 
f o r  t he  3" top  t e s t  f l ange  and a s e a l  could no t  be achieved f o r  t he  
t e s t .  It w a s  t h e r e f o r e  decided t h a t  t h e  remaining thermal ag ing  
would be performed w i t h  t he  f l ange  s e p a r a t i o n  and r o t a t i o n  t h e  same 
as f o r  t h e  t e s t  cond i t ions .  I f  thermal ag ing  does t ake  p l ace  be fo re  
s e p a r a t i o n  and/or  r o t a t i o n ,  t h e  preaging may w e l l  preclude an  
e f f e c t i v e  seal  a f t e r  s e p a r a t i o n  and r o t a t i o n .  

7.0 TEST RESULTS 

The temperature  a t  which t h e  s e a l s  f a i l e d  and o t h e r  p e r t i n e n t  t e s t  
parameters f o r  each seal  des ign  and mater ia l  are provided i n  Tables  
3 through 7 .  Seal  compression va lues  shown are  t h e  r e s u l t  o f  
c a l c u l a t i o n s  based on  f l ange  s e p a r a t i o n ,  f lange  r o t a t i o n ,  seal  
d i ame te r s ,  and t h e  known geometry o f  t h e  f l anges .  F a i l u r e  
temperatures  shown are based on the  temperature  of  thermocouple B 3  
a t  t h e  i n i t i a t i o n  o f  de t ec t ed  leakage. For cases  where f a i l u r e  
temperature  i s  shown as g r e a t e r  than 700°F, t h e  t e s t  w a s  terminated 
a t  t h a t  temperature  wi thout  d e t e c t a b l e  leakage.  Mean f a i l u r e  
temperature  i s  t h e  average o f  f a i l u r e  temperatures  f o r  t h a t  design.  
Standard d e v i a t i o n s  a r e  noted even though the  number o f  samples i s  
s t a t i s t i c a l l y  s m a l l .  

Based on  t h e  seal  f a i l u r e  tempera tures ,  t he  fo l lowing  obse rva t ions  
a r e  made: 

1. 

2. 

3. 

4 .  

5 .  

6 .  

7 .  

The sea l  f a i l u r e  temperature  f o r  t h e  double tongue-and-groove 
des ign  with s i l i c o n e  rubber  seals  i s  i n  excess  o f  700°F with a 
p re s su re  o f  160 ps ig .  

The mean f a i l u r e  temperature  f o r  t h e  double gumdrop des ign  w i t h  
EPDM seals w a s  630°F. 

The mean f a i l u r e  temperature  o f  t he  double O-ring des ign  w i t h  
EPDM seals  w a s  600°F. 

The mean f a i l u r e  temperature  o f  t he  neoprene seals  (Tes t s  2 ,  3 ,  
4 )  w a s  490°F. 

Thermal ag ing  had l i t t l e  i f  any in f luence  on the  f a i l u r e  
temperatures  of  the  seals. 

F a i l u r e  temperatures  o f  t h e  seals decreased s l i g h t l y  with 
decreas ing  seal  compression. 

The O-ring des ign  o f f e r s  an  advantage over  t h e  gumdrop des ign  i n  
t h a t  seal  compression i s  not  always a necessary  requirement t o  
main ta in  a seal  f o r  O-rings. The r e s u l t s  o f  Tes t  10 provide an 
except ion  t o  t h i s  cond i t ion .  The O-ring deformation from the  

-19- 



Table 3 

Double Tongue-and-Groove Design With Silicone Rubber Seals 

F 1 ange 
Test Rotation 

Number ( "1  

1 0 

5 3 

6 3 

11 6 

12 6 

17 12 

18 12 

Flange Outer Seal 
Separation Compression 
(in. > ( % >  

0.060 28.7 

0.0 31.4 

0.0 31.4 

0.0 22.6 

0.0 22.6 

0,010 2.7 

0.010 2.7 

Inner Seal Failure 
Compression Temperature 

( % >  ( O F )  

28.7 610a 

16.4 =- 700 

16.4 7 30b 

None > 700 

None 7,700 

None =- 700 

None 1700 

aSeal failure was due to overpressurizing test fixture to 190 psig. 
bSeals were tested to failure temperature for this test. 
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Table 4 

Double Gumdrop Design With EPDM Sea l s  

Flange Flange Outer Seal Inner  Seal  F a i l u r e  
Test Rotat ion Separa t ion  Compression Compression Temperature 

Number ( "1  ( i n .  > (%I  ( % >  (OF) 

7 3 0.010 16.2 2.4 650 

8 3 0.010 16.2 2.4 600a 

13 6 0.010 10.5 None 667 

14 6 0.010 10.5 None >700b 

19 12 0.003 -- None 600' 

20 1 2  0.010 None None d 

a F a i l u r e  occurred  a t  approximately 1 h and 15 min i n t o  the  600°F 
soak. 

bThe s e a l  m a t e r i a l  flowed i n  a manner t o  f i l l  t he  wedge-shaped 
void  o u t s i d e  of  t he  o u t e r  seal and provided a s e a l  through the  
700°F tes t .  The f a i l u r e  temperature l i s t e d  is  no t  a r e a l i s t i c  
f a i l u r e  temperature  f o r  t he  EPDM s e a l  m a t e r i a l .  

C F a i l u r e  occurred  a t  approximately 1 h i n t o  t h e  600'F soak. 
dLost t e s t  p re s su re  a t  approximately 6 h i n t o  the  360'F soak. 

T h i s  is not  an i n d i c a t i o n  o f  the  seal  m a t e r i a l  f a i l u r e  temperature ,  
s i n c e  the  combination of  the  f lange  r o t a t i o n  and s e p a r a t i o n  
r e s u l t e d  i n  no s e a l  compression f o r  e i t h e r  s e a l .  The i n i t i a l  s e a l  
could only  have been the  r e s u l t  of  t h e  s e a l s  no t  be ing  bottomed i n  
t h e  seal grooves.  



Table 5 

Double 0-Ring Design With EPDM Sea l s  

Flange Flange Outer Seal  Inner  Sea l  F a i l u r e  
Tes t  Rotat ion Separa t ion  Compress ion  Compress ion  Temperature 

Number ( "1  ( i n .  1 ( % >  ( % >  (OF) 

9 3 0.0 15.8 None a 

10 3 0.0 15.8 None b 

15 6 0.010 4.6 None 600' 

16 6 0.010 4.6 None 6 28 

2 1  12 0.003 None None 580 

22 1 2  0.003 None None 5 7 7  

aThe tes t  p re s su re  was maintained through the  700°F t e s t ,  b u t  as a 
r e s u l t  o f  t h e  combination of  the  metal-to-metal s e a l  and flow o f  
t h e  s e a l  m a t e r i a l ,  t h i s  t e s t  d id  not  provide an i n d i c a t i o n  o f  t h e  
t r u e  f a i l u r e  temperature  of  the  s e a l s .  

bThese s e a l s  were thermal ly  aged w i t h  no f l ange  r o t a t i o n  o r  
s e p a r a t i o n ,  The compression s e t  from the  aging p o r t i o n  of  t he  t e s t  
w a s  s u f f i c i e n t  t h a t  t he  s e a l s  would not  main ta in  a s e a l .  

C S i g n i f i c a n t  s e a l  leakage s t a r t e d  a t  approximately 15 min i n t o  t h e  
600°F soak. Complete s e a l  f a i l u r e  occurred a t  the end of t h e  2-h 
600" soak. 
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Table 6 

Double Gumdrop Design Wi th  Neoprene Sea l s  

Flange Flange Outer Seal  Inner  Sea l  F a i l u r e  
Tes t  Rotat ion Separa t ion  Compression Compression Temperature 

Number ( "1  ( i n .  > ( % >  ( % I  (OF) 

2 0 0.094 11.5 11.5 460 

3 0 0.0% 11.5 11.5 500a 

aSeal  f a i l u r e  occurred j u s t  as the  s e a l  temperature  ( l o c a t i o n  B 3 )  
reached 500°F. 

Table 7 

Double 0-King Design W i t h  Neoprene Sea l s  

Flange Flange Outer Seal  Inner  Seal  F a i l u r e  
T e s t  Rotat ion Separa t ion  Compression Compression Temperature 

Number ("1 ( i n . )  ( % >  ( % >  (OF> 

4 0 0.063 12.4 12.4 500a 

aLeak occurred a t  t he  end o f  t h e  2-h 500°F soak. 



thermal aging f o r  Tes t  10 was such t h a t  the  O-rings would r i s e  
ou t  of t he  s e a l  grooves t o  provide a s ea l ,  as was the  case  f o r  
T e s t s  21-22 and previous t e s t s  (Reference 1) .  

Figure 10 i s  a photograph o f  t he  s i l i c o n e  rubber s e a l s  a f t e r  t he  
completion of Tes t  6. A s  can be seen ,  a cons iderable  amount o f  s e a l  
thermal degrada t ion  was p re sen t .  The photographed reg ion  i s  the  
l o c a t i o n  where t h e  s e a l  f a i l e d  a t  approximately 730'F. 

Tables 8 through 1 2  provide s e a l  leak  r a t e s  as a func t ion  of  s e a l  
temperature  and some l e a k  r a t e s  a f t e r  f a i l u r e  of  the  s e a l s .  These 
l eak  r a t e s  were c a l c u l a t e d  us ing  gas law r e l a t i o n s h i p s  w i t h  no flow 
of n i t rogen  i n t o  the  t e s t  f i x t u r e s .  

The fol lowing obse rva t ions  a r e  noted from the  l eak  r a t e s  determined 
p r i o r  t o  f a i l u r e  of  the  s e a l s :  

1. The seepage l eak  r a t e s  i nc rease  w i t h  increased  f lange  r o t a t i o n  
and decreased s e a l  compression o r  increased  sepa ra t ion .  

2 .  The seepage l eak  r a t e  gene ra l ly  was not  a func t ion  o f  
temperature except  j u s t  p r i o r  t o  s e a l  f a i l u r e .  

3 .  Thermal aging of  t he  s e a l s  d id  not  r e s u l t  i n  a s i g n i f i c a n t  
change i n  the  seepage l eak  r a t e s .  

The s e a l  l eak  r a t e s  c a l c u l a t e d  a f t e r  s e a l  f a i l u r e  vary  cons iderably  
and should be used w i t h  extreme cau t ion ,  based on the  fol lowing 
cons ide ra t ions :  

1. 

2.  

3 .  

4. 

The method o f  c a l c u l a t i n g  the  leak  r a t e  u s ing  gas l a w  r e l a t i o n -  
s h i p s  i s  not  very r e l i a b l e  cons ider ing  i t s  s e n s i t i v i t y  t o  input  
d a t a .  The seepage c a l c u l a t i o n s  f o r  Tes t  16 a t  600°F were redone 
by f i r s t  vary ing  the f i n a l  t e s t  p re s su re  by 1% then by vary ing  
the f i n a l  tes t  temperature  by 1%. The change i n  l eak  r a t e  was 
13% f o r  the change i n  pressure  and 7 %  f o r  the  change i n  tempera- 
t u re .  Depending on a c t u a l  l eak  r a t e s ,  t h i s  technique may be 
more o r  l e s s  s e n s i t i v e  than t h i s  example. 

Test  cond i t ions  were d i f f e r e n t  from severe  acc iden t  cond i t ions  
i n  t h a t  room-temperature n i t rogen  was the p re s su re  source r a t h e r  
than steam. The n i t rogen  would tend t o  cool  t he  s e a l s  a t  a 
l e a k ,  whereas steam would provide a hea t  source.  

The s e a l  f a i l u r e  l eak  r a t e s  a r e  l a r g e l y  a func t ion  of  f lange  
sepa ra t ion  i n  combination w i t h  t he  s e a l  design.  Therefore ,  
p r i o r  t o  us ing  the  l eak  r a t e s  t a b u l a t e d ,  one must cons ider  t he  
f lange  s e p a r a t i o n  a t  which t h a t  leak r a t e  occurred .  

Leak r a t e s  tend t o  inc rease  r a p i d l y  a f t e r  t he  s e a l s  i n i t i a l l y  
f a i l ,  a s  i s  shown by the two va lues  f o r  Tes t s  2 and 3 .  The 
f i r s t  va lues  were determined by t h e  seepage method a s  the  l eaks  
f i r s t  developed, and the  second va lues  were obta ined  us ing  the  
tu rb ine  meter flow r a t e s  w i th in  minutes of  t h e  i n i t i a l  leak.  
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Figure  10. S i l i c o n e  Rubber Sea l s  a t  Completion of  T e s t  6 
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T a b l e  8 

Leak Rates f o r  DTG Design W i t h  SR Sea lsa  

Tes t  No. 360 " F 500 " F 600°F 700°F F a i l u r e  

1 0 0 4.38E-5 P F T ~  1.OE-1 

5 0 1.94E-5 3.27E-5 PFT -- 

2.96E-3 6 7.37E-5 6.69E-4 2.77E-5 1.12E-5 

11 0 8.15E-4 1.15E-3 1.24E-3 BM ~b 

12 0 6.35E-4 8.95E-4 8.73E-4 BM R 

1 7  2.14E-3 2.18E-3 2.15E-3 2.01E-3 BM R 

18 1.66E-3 1.53E-3 1.70E-3 1.85E-3 BMR 

aSeal  l eak  rates--s tandard cubic  f e e t  per  minute per  inch o f  sea l  

bPFT--past f a i l u r e  temperature;  BMR--beyond measuring range.  
c i rcumference (63.62 i n ) .  

T a b l e  9 

Leak Rates f o r  DGD Design Wi th  EPDM Sea lsa  

Tes t  No. 360°F 500'F 600°F 700°F F a i l u r e  

7 1.84E-5 4.81E-6 6.72E-6 P F T ~  6.62E-2 

8 1.30E-5 1.30E-5 2.42E-4 PFT 9.5E-1' 

1 3  2.29E-4 2.29E-4 2.74E-4 PFT 5.56E-2 

14 3.29E-4 3.12E-4 2.42E-4 5.21E-4 BM ~b 

19 1.87E-3 1.78E-3 1.42E-3 PFT 6.0E-la 

20 1.80E-3 PFT PFT PFT BM R 

aSeal l eak  ra tes - -s tandard  cubic  f e e t  p e r  minute per  inch o f  seal  

bPFT--pas t f a i l u r e  temperature;  BMR--beyond measuring range. 
'Leak r a t e  w a s  determined from t u r b i n e  meter reading .  

c i rcumference (55.76 i n ) .  
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Table 10 

Leak Rates f o r  DOR Design W i t h  EPDM Sea lsa  

T e s t  No. 360°F 500°F 600°F 700°F F a i l u r e  

9 6.336-4 7.04E-4 6.333-4 4.76E-4 BM ~b 

10 P F T ~  PFT PFT PFT BMR 

15 3.9%-4 5.89E-4 3.07E-3 PFT 1.OE-1 

16 2.14E-4 1.08E-3 1.15E-3 PFT 2.16E-2 

21 1.823-3 1 .81E-3  PFT PFT 1.48E-1 

22 1.841~-3 1.93E-3 PFT PFT 6.7E-1' 

aSeal  l eak  rates--s tandard cubic  f e e t  per  minute per  inch o f  sea l  

bPFT--past f a i l u r e  temperature;  BMR--beyond measuring range. 
CLeak r a t e  w a s  determined from t u r b i n e  meter reading.  

c i rcumference (55.76 i n ) .  

T e s t  N o .  

Table  11 

Leak Rates f o r  DGD Design With Neoprene Sea lsa  

360°F 500 OF 600°F 700°F F a i l u r e  

2 7.6E-5 P F T ~  PFT PFT 2.33E-2 
4 .  l E - l C  

3 1.26E-4 PFT PFT PFT 1.30E-2 
6.3E-lc 

aSea l  l eak  rates--s tandard cubic  f e e t  per  minute per  inch o f  seal  

bPFT--pas t f a i l u r e  temperature.  
'Leak r a t e  w a s  determined from t u r b i n e  meter reading .  

c i rcumference (55.76 i n ) .  
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Table 12 

Leak Rate f o r  DOR Design Wi th  Neoprene Sea lsa  

Tes t  No. 360 " F 500°F 600°F 700°F F a i l u r e  

4 1.85E-3 1.936-3 PFT PFT >6.0E-la 

aSeal  l eak  rates--s tandard cubic  fee t  p e r  minute per  inch o f  s e a l  

bPFT--pas t f a i l u r e  temper a t u r  e. 
CLeak exceeded 1 1 2 - h .  t u r b i n e  meter flow capac i ty .  

c i rcumference.  

This  cond i t ion  would probably be more severe  f o r  a steam 
environment. In  genera l  t h e  s e a l  f a i l u r e  l eak  rates determined 
us ing  the  seepage l eak  r a t e  method should be considered 
lower-bound va lues .  A t es t  w a s  performed f o r  t h e  double 
tongue-and-groove des ign  with no s e a l s ,  and the  l eak  r a t e  f o r  
t h i s  cond i t ion  was determined t o  be 1.873-02 scfml in .  This 
could be considered f o r  use as an upper-bound v a l u e ,  assuming 
t h a t  t h e  f l a t n e s s  o f  t h e  test  f l anges  i s  c o n s i s t e n t  w i t h  t h a t  
f o r  containment mechanical pene t r a t ion  c losu res .  Considering 
the  small s i z e  o f  t h e  t e s t  f lange  r e l a t i v e  t o  l a r g e  containment 
p e n e t r a t i o n  c l o s u r e s ,  t he  l eak  ra te  determined by the  t e s t  i s  
probably an underest imate  f o r  an upper-bound va lue .  

8.0 CONCLUSIONS 

The leakage behavior  f o r  t h r e e  s e a l  des igns  commonly used f o r  
containment mechanical pene t r a t ions  has  been determined. The 
temperature  range a t  which f a i l u r e  o f  e las tomer s e a l s  can be 
expected i s  as fol lows:  

Seal  Design Seal  Mater ia l  F a i l u r e  Temperature 

Double tongue and groove S i l i c o n e  rubber  =-700"F 
Double gumdrop EP DM 600-670°F 
Double gumdrop Neoprene 460-500°F 
Double O-ring EPDM 5 70-630'F 
Double 0-r ing Neoprene 500°F 

The e f f e c t s  o f  f lange  r o t a t i o n  and thermal ag ing  on t h e  e las tomer 
f a i l u r e  temperatures  were nea r ly  i n s i g n i f i c a n t .  The elastomer 
f a i l u r e  temperatures  decreased some with decreas ing  s e a l  compression. 

The e f f e c t s  of f l ange  r o t a t i o n  on seepage l eak  r a t e s  p r i o r  t o  
f a i l u r e  o f  the  s e a l s  were q u i t e  s i g n i f i c a n t .  The  seepage l e a k  ra te  
v a r i e d  from 4.8E-6 t o  1.9E-3 scfm per inch of s e a l  circumference i n  
vary ing  the  f lange  r o t a t i o n  from 3 t o  12 degrees  f o r  t he  t h r e e  s e a l  

-28- 



des igns  t e s t e d .  The  t es t  r e s u l t s  i n d i c a t e  s t r o n g l y  t h a t  t he  seepage 
l eak  r a t e  i s  inf luenced  by t h e  s e a l  compression. The seepage l eak  
r a t e  was not  s i g n i f i c a n t l y  inf luenced  by temperature  o r  thermal 
aging o f  t he  s e a l s .  

The l eak  r a t e  a f t e r  f a i l u r e  o f  t he  seals v a r i e s  p r imar i ly  w i t h  
f l ange  sepa ra t ion .  The l eak  r a t e  w a s  determined t o  be 
1.87E-2 scfm/in.  f o r  t h e  double tongue-and-groove des ign  w i t h  no 
seals. The maximum measured leak  r a t e  from these  t e s t s  was 
0 . 6 3  scfm/in. ,  which w a s  f o r  t he  double gumdrop des ign  w i t h  a f lange  
s e p a r a t i o n  of  0.094 in .  

These conclus ions  should be used recogniz ing  t h e i r  l i m i t a t i o n s ,  
s i n c e  the  e f f e c t s  of  a s t e a m  environment and r a d i a t i o n  aging must be 
considered be fo re  apply ing  r e s u l t s  t o  containment pene t r a t ions .  
Both o f  these  e f f e c t s  w i l l  be eva lua ted  i n  the  remainder of  t h i s  
program being performed a t  Sandia. 
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APPENDIX B 

TEST P KOCEDURE S 



SEAL LEAK RATE TEST PROCEDURE 

1. 

2 .  

3 .  

4 .  

5. 

6. 

7 .  

8 .  

9 .  

10. 

11. 

1 2 .  

13 .  

14. 

15. 

16. 

1 7 .  

18. 

19 .  

20. 

21. 

22.  

RECORD T E S T  PARAMETERS: DATE ( >,  T E S T  NO. ( 1 ,  
SEAL DESIGN ( >, SEAL MATERIAL ( 1 ,  
SEAL HARDNESS ( >,  FLANGE ROTATION ( 1, 
FLANGE SEPARATION ( >. 
I F  TESTING AGED SEALS S K I P  TO S T E P  11. 

INSTALL T C ' S  I N  T E S T  FIXTURE. 

CLOSE ALL BLOCK VALVES. 

PLACE SEALS I N  LOWEK FLANGE SEAL GROOVES. 

TURN ON S T R I P  CHART RECORDER FOR SEAL TEMPERATURES. 

NOTE HERE AND ON CHART: DATE ( >, TIME ( 1, 
CHART SPEED ( >, T E S T  NO. ( >. 
RED ( > BLUE ( 1. 
NOTE PEN COLOR CORRESPONDENCE HERE AND ON CHART: 

CALIBRATE RECORDER AND NOTE ON CHART THE CALIBRATION SCALES. 

OPEN TOP FLANGE VENT VALVE. 

PLACE TOP FLANGE ON LOWER FLANGE. FOR T E S T S  2-4 PUT SHIMS 
BETWEEN FLANGES SUCH THAT THE SEAL COMPRESSION I S  ONLY HALF 
WHAT I T  WOULD BE WITHOUT SHIMS. 

TORQUE S I X  FLANGE BOLTS TO 300 FT-LBS. 

CONNECT ALL TC LEADS TO DATA SCANNER. 

CONNECT PRESSURE TRANSDUCER LEADS TO DATA SCANNER. 

PERFORM A MANUAL COMPUTER SCAN AND VERIFY THAT ALL THE 
INSTRUMENTATION READINGS ARE REASONABLE 

PERFORM SEEPAGE TEST P E R  SEEPAGE T E S T  PROCEDURE. 

I F  LEAKAGE I S  DETERMINED TO BE E X C E S S I V E ,  LOCATE AND F I X  A S  
REQUIRED. 

CONNECT HEATER LEADS. 

PLACE INSULATION OVER AND AROUND THE T E S T  FLANGES. 

REMOVE DANGER TAGS FROM HEATER PLUGS. 

PLUG I N  HEATERS. 

S E T  HEATER THERMOSTAT TO 450 DEG. F. 
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SEAL LEAK RATE T E S T  PROCEDURE (cont inued)  

23.  

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

4 2 .  

CHECK SYSTEM EVERY 2-3 HOURS TO SEE I F  THE SEAL TEMPERATURE HAS 
REACHED 360 DEG. F ,  ADJUST THERMOSTAT A S  REQUIRED TO ACHIEVE 
STEADY 360 DEG. F SEAL TEMP. 

ONCE STEADY STATE 360 DEG. F SEAL TEMPERATURE ( B 6 6 B 7 )  I S  
OBTAINED, TURN ON S T R I P  CHART RECORDER FOR PRESSURE RECORDING. 

NOTE HERE AND ON CHART: DATE ( >, TIME ( 1, 
CHART SPEED ( ) ,  T E S T  NO. ( 1. 

NOTE PEN COLOR CORRESPONDENCE HERE AND ON CHART: 
RED ( 1, BLUE ( 1. 

CALIBRATE RECORDER AND NOTE ON CHART THE CALIBRATION SCALING. 

S E T  PRESSURE CONTROL VALVE AT 100 P S I G .  

OPEN BLOCK VALVE AT NITROGEN TRAILER. 

OPEN BLOCK VALVE FOR 112 INCH FLOW METER. 

OPEN BLOCK VALVE DOWNSTREAM FROM PRESSURE CONTROL VALVE. 

MAKE A HARD COPY OF THE POLYNOMIAL C O E F F I C I E N T S  USED TO CONVERT 
MILLIVOLT READINGS TO ENGINEERING U N I T S  FOR EACH DATA CHANNEL. 

S E T  UP COMPUTER TO SCAN THE DATA CHANNELS EVERY 30 MINUTES. 

DATA SHALL BE WRITTEN ON TWO F I L E S  AND HARD COPY. 

NOTE COMPUTER F I L E  NAME HERE AND ON HARD COPY: 
(TESTX)  WHERE X = T E S T  NO. x =  ( 1. 

I F  T E S T  PRESSURE HAS S T A B I L I Z E D  A T  100 P S I G ,  INCREASE PRESSURE 
CONTROL VALVE SETTING TO 160 P S I G  

CONTINUE T E S T  AT 360 DEG. F a t  160 P S I G  FOR 6-20 HOURS. 

PERFORM SEEPAGE TEST P E R  SEEPAGE T E S T  PROCEDURE. 

S E T  HEATER THERMOSTAT AT 550 DEG. F. 

WHEN SEAL TEMPERATURE REACHES 400 DEG. F ( B 3 ) ,  
INCREASE HEATER THERMOSTAT SETTING TO 650 DEG. F. 

WHEN SEAL ( B 3 )  TEMPERATURE REACHES 500 DEG. F ,  
HOLD SEAL TEMPERATURE AT 500 DEG. F FOR 2 HOURS THEN PERFORM 
SEEPAGE TEST P E R  SEEPAGE T E S T  PROCEDURE. 

S E T  Up COMPUTER TO CONTINUE SCANNING EVERY 30 MINUTES. STORE 
DATA ON SAME F I L E  (TESTX)  AND HARD COPY. 
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SEAL LEAK RATE T E S T  PROCEDURE (continued) 

43. 

44. 

4 5 .  

4 6 .  

4 7 .  

4 8 .  

4 9 .  

5 0 .  

5 1 .  

5 2 .  

5 3 .  

5 4 .  

5 5 .  

5 6 .  

5 7 .  

5 8 .  

5 9 .  

6 0 .  

6 1 .  

INCREASE HEATER THERMOSTAT SETTING TO 7 5 0  DEG. F. 

WHEN SEAL ( B 3 )  TEMPERATURE REACHES 6 0 0  DEG. F ,  HOLD SEAL 
TEMPERATURE A T  6 0 0  DEG. F FOR 2 HOURS THEN PERFORM SEEPAGE T E S T  
PER SEEPAGE TEST PROCEDURE. 

S E T  UP COMPUTER TO CONTINUE SCANNING EVERY 30 MINUTES. STORE 
DATA ON SAME F I L E  (TESTX)  AND HARD COPY. 

INCREASE HEATER THERMOSTAT SETTING TO 8 0 0  DEG. F. 

T E S T  TO A MAXIMUM SEAL TEMPERATURE OF 7 0 0  DEG. F AND HOLD SEAL 
TEMPERATURE AT 7 0 0  DEG. F FOR 2 HOURS OR UNTIL A LEAK DEVELOPS 
WHICHEVER COMES F I R S T .  

I F  SEAL LEAK DEVELOPS, THROTTLE BLOCK VALVE AT TURBINE METER 
SUCH THAT STEADY STATE CONDITIONS ARE ACHIEVED. 

NOTE START OF LEAKAGE ON S T R I P  CHARTS AND ON COMPUTER OUTPUT 
HARD COPY. 

CHANGE COMPUTER TO SCAN EVERY 30 SECONDS. STORE DATA ON SAME 
F I L E  (TESTX)  AND HARD COPY. 

I F  LEAK I S  I N S U F F I C I E N T  FOR A TURBINE METER READING, PERFORM A 
SEEPAGE T E S T  P E R  SEEPAGE TEST PROCEDURE. 

NOTE TERMINATION OF T E S T  ON S T R I P  CHARTS AND ON COMPUTER OUTPUT 
HARD COPY. 

TURN OFF COMPUTER AND S T R I P  CHARTS. 

TURN OFF HEATER THERMOSTAT. 

UNPLUG HEATERS AND PLACE DANGER TAGS ON PLUGS. 

CLOSE ALL BLOCK VALVES. 

VENT TEST ASSEMBLY. 

REMOVE INSULATION. 

ALLOW FLANGES TO COOL. 

DISASSEMBLE FLANGES FOR INSPECTION.  

PHOTOGRAPH SEALS I N  THE DISASSEMBLED FIXTURE WITH T E S T  NO. 
IDENTIFICATION.  
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AGING PROCEDURE FOR SANDIA TEST NO. ( ) 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

RECORD TEST PARAMETERS: DATE ( ) ,  T E S T  NO. ( 1 ,  
SEAL DESIGN ( ) ,  SEAL MATERIAL ( 1 ,  
SEAL HARDNESS ( ) ,  FLANGE SEPARATION ( 1 ,  
FLANGE ROTATION ( 1 .  

I N S T A L L  T C ' S  I N  LOCATIONS B 6  AND B 7 .  

PLACE SEALS I N  SEAL GROOVES. 

MEASURE SEAL HEIGHT ABOVE THE FLANGE SEATING SURFACE AT 4 
LOCATIONS 90 DEGREES APART, LOCATIONS MEASURED COUNTERCLOCKWISE 
LOOKING DOWN, FROM P I P E  I N L E T .  RECORD MEASUREMENTS HERE. 

MEASUREMENT LOCATION 0 DEG. 90 DEG. 180  DEG. 270 DEG. 
I N N E R  S E A L  ( I (  I (  I (  1 
OUTER SEAL ( I (  I (  ) (  

PLACE T O P  FLANGE ON LOWER FLANGE. FOR T E S T S  2-4 PUT S H I M S  
BETWEEN FLANGES SUCH THAT THE SEAL COMPRESSION I S  HALF WHAT I T  
WOULD BE WITHOUT THE SHIMS.  

TORQUE S I X  BOLTS T O  300 FT-LBS.  

CONNECT T C  LEADS T O  STRIP CHART RECORDER. 

CONNECT HEATER LEADS. 

PLACE I N S U L A T I O N  OVER AND AROUND THE TEST FIXTURE.  

TURN ON STRIP CHART RECORDER. 

NOTE HERE AND ON CHART: DATE ( 1 ,  T I M E  ( 1 ,  
CHART S P E E D  ( 1 .  

NOTE PEN COLOR CORRESPONDENCE HERE AND ON CHAFCC: 
RED ( 1 ,  BLUE ( 1 .  

CALIBRATE RECORDER AND NOTE CALIBRATION SCALES ON THE CHART. 

REMOVE DANGER TAGS FROM HEATER PLUGS. 

PLUG I N  HEATERS. 

SET HEATER THERMOSTAT S E T T I N G  T O  400  DEG. F. 

CHECK SYSTEM APPROXIMATELY EVERY 2-3 HOURS TO S E E  I F  SEAL 
TEMPERATURE (B3) HAS REACHED 300 DEG. F. I F  SEAL TEMPERATURES 
HAVE REACHED 300 DEG. F, NOTE START T I M E  O F  300 DEG. F AGING ON 
CHART AND HERE: DATE ( 1 ,  T I M E  ( 1 



AGING PROCEDURE FOR SANDIA T E S T  NO. ( 1 

18. 

19. 

20.  

21 .  

22 .  

23. 

24. 

25. 

26. 

27. 

CHECK SEAL TEMPERATURE AND MAKE APPROPRIATE THERMOSTAT 
ADJUSTMENTS TWICE EACH DAY. NOTE S E T T I N G  CHANGE BELOW. 

AT THE END O F  THE SEVENTH DAY O F  AGING, NOTE HERE AND ON CHART 
DATE ( I ,  TIME ( I 

TURN THERMOSTAT OFF.  

UNPLUG HEATERS AND PLACE DANGER TAGS ON HEATER PLUGS. 

REMOVE INSULATION FROM T O P  FLANGE. 

DISCONNECT HEATER LEADS. 

REMOVE FLANGE BOLT NUTS. 

REMOVE T O P  FLANGE. 

MEASURE SEAL HEIGHT ABOVE THE FLANGE SEATING SURFACE AT 4 
LOCATIONS 90 DEGREES APART, LOCATIONS MEASURED COUNTERCLOCKWISE 
LOOKING DOWN, FROM P I P E  I N L E T .  RECORD MEASUREMENTS HERE. 

MEASUREMENT LOCATION 0 DEG. 90 DEG. 1 8 0  DEG. 270 DEG. 
I N N E R  SEAL ( I (  1 (  I (  1 
OUTER SEAL ( I (  1 (  I (  1 

RECORD HERE T C  READINGS FOR LOCATIONS B 3 ,  B 6 ,  at B 7 .  
B 3  ( 1 B 6  ( I B 7  ( 1 

THERMOSTAT ADJUSTMENTS 

DATE T I M E  B3-READING S E T T I N G  
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SEEPAGE TEST PROCEDURE FOR SANDIA T E S T  NO. ( 1 
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13. 

14. 

15. 

16. 

17. 

I F  T H I S  SEEPAGE T E S T  IS  NOT THE F I R S T  SEEPAGE TEST S K I P  T O  
S T E P  10. 

MAKE A HARD COPY O F  THE POLYNOMIAL C O E F F I C I E N T S  USED T O  CONVERT 
THE M I L L I V O L T  READINGS T O  ENGINEERING U N I T S  FOR EACH DATA 
CHANNEL. 

OPEN BLOCK VALVE DOWN STREAM FROM PRESSURE CONTROL VALVE. 

TURN ON STRIP CHART RECORDER F O R  PRESSURE RECORDING. 

CALIBRATE RECORDER AND NOTE CALIBRATION SCALES ON CHART 

NOTE HERE AND ON CHART: DATE ( 1 1  T I M E  ( 1 

NOTE PEN COLOR CORRESPONDENCE HERE AND ON CHART 
RED ( 1 ,  BLUE ( 1. 

S E T  PRESSURE S T R I P  CHART RECORDER CHART S P E E D  AT 1 I N C H  P E R  
MINUTE. 

NOTE CHART S P E E D  ON CHART. 

S E T  UP THE COMPUTER TO SCAN THE DATA CHANNELS EVERY 30 SECONDS 
FOR 5-10 MINUTES. 

WRITE DATA T O  TWO F I L E S  AND HARD COPY. 

NOTE COMPUTER F I L E  NAME HERE AND ON HARD COPY 
FILENAME ( S T x Z Z Z )  WHERE x = T E S T  NO. and z = TEMPERATURE O F  B 3  
I N  DEGREES F. ( S T  1 

P R E S S U R I Z E  T E S T  FLANGE T O  1 6 0  pSig V I A  1/2 INCH TURBINE METER 
VALVE AND CONTROL VALVE. 

CLOSE BLOCK VALVE DOWN STREAM FROM CONTROL VALVE. 

NOTE START O F  SEEPAGE T E S T  ON PRESSURE STRIP CHART AND ON 
COMPUTER HARD COPY. 

AFTER 5-10 MINUTES NOTE END O F  T E S T  ON STRIP CHART AND ON 
COMPUTER OUTPUT HARD COPY. 

RETURN T E S T  CONDITIONS TO THOSE P R I O R  TO SEEPAGE T E S T .  
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